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VWUHDPZKLFKPD\ LPSURYH WKH HIILFLHQF\RI XUEDQ HQHUJ\ V\VWHPV VXFK DV WKHUPDO SRZHU SODQWV DQG
KHQFHUHGXFHWKHLUFDUERQHPLVVLRQV

)LJ7KHJXLGHZDOOVXEVHWLQVKDGRZORFDWHVEHORZWKHFKLPQH\HQWUDQFHDQGKROGVWKHEODGHVRIWKHWXUELQH
6WXG\LQJ WKH LPSDFW RI WKH JHRPHWU\ RI FRPSRQHQWV LQ D VRODU FKLPQH\ LV D SULPDU\ WDVN 0XFK
DWWHQWLRQKDVEHHQSDLGWRWKHFKLPQH\DQGWKHFROOHFWRU>@7KHFULWLFDOUROHVRIGHVLJQYDULDEOHVHJ
FROOHFWRUGLDPHWHUFKLPQH\KHLJKWVRODUUDGLDWLRQDQGRWKHUDPELHQWFRQGLWLRQVWRGHWHUPLQHWKHV\VWHP
SRZHU RXWSXW KDYH EHHQ ZLGHO\ GLVFXVVHG >@ *XLGH ZDOO *: D FRPSRQHQW LQ WKH FROOHFWRUWR
FKLPQH\WUDQVLWLRQUHJLRQLVDOVRDSURPLQHQWVXEVHWDVLWFDQEHXVHGWRDVVLVWWKHKRUL]RQWDODLUIORZLQ
VKLIWLQJWRWKHXSGUDIWDQGEHWKHKROGHURIWKHWXUELQHDVVKRZQLQ)LJ,QGLYLGXDOVWXGLHVUHYHDOHGWKH
SRWHQWLDO LPSDFW RI WKH *: RQ WKH EXR\DQW IORZ E\ H[DPLQLQJ WKH V\VWHPV ZLWK DQG ZLWKRXW VXFK D
FRPSRQHQWZKLFKLQGLFDWHGWKDWWKLVVXEVHWZRXOGEHFDSDEOHRIPRGLI\LQJWKHYHORFLW\RIWKHIORZDQG
WKXV VLJQLILFDQWO\ DIIHFW WKH SHUIRUPDQFH RI 6&33 > @ +RZHYHU WKH GHWDLOHG NQRZOHGJH RQ WKH
DHURG\QDPLF IHDWXUHV RI *:V LV DPELJXRXV DQG TXDQWLWDWLYH HYDOXDWLRQ RI LWV LPSDFW RQ WKH V\VWHP
SHUIRUPDQFHLVVWLOOXQFHUWDLQ,QRWKHUZRUGVLWLVXQNQRZQKRZWKHGHWDLOJHRPHWULFSDUDPHWHUVHJWKH
KHLJKWRU WKH UDGLXV RI*:V DIIHFW WKH EXR\DQW IORZ LQ WKH V\VWHP7KHUHIRUH LWZRXOG EHGLIILFXOW WR
RSWLPL]HWKHJHRPHWU\RI*:V
,Q WKLV VWXG\ WKH LQYHVWLJDWLRQ RQ *:VZDV IXUWKHU H[WHQGHG E\ &)' VLPXODWLRQV ZLWK *:VZLWK
GLIIHUHQWKHLJKWVDQGUDGLXVHV7KHUHIRUHYDULDWLRQLQWKHIORZLQ6&33LQGXFHGE\WKHPRGLILFDWLRQLQWKH
WZR JHRPHWULF SDUDPHWHUV LH KHLJKW DQG UDGLXV ZHUH UHVSHFWLYHO\ GLVFXVVHG EDVHG RQ WKH QXPHULFDO
RXWFRPHV%\WKLVZHFDQHYDOXDWHWKHLQIOXHQFHIURPGLIIHUHQWSDUDPHWHUVDQGLGHQWLI\WKHFULWLFDOIDFWRUV
LQ UHODWLRQ WR WKH DHURG\QDPLF IHDWXUHV RI *:V 0HDQZKLOH WKH *:V ZHUH FRXSOHG WR D F\OLQGULFDO
FKLPQH\DVZHOO DV DGLYHUJHQW FKLPQH\DV VRPHDUWLFOHV IRXQGD UHPDUNDEOH LPSURYHPHQWRI WKH IORZ
YHORFLW\ LQGLYHUJHQW FKLPQH\V >@7KXVZHKDYH H[SHFWHGGLIIHUHQW UHDFWLRQV IURP WKHGLYHUJHQW
FKLPQH\6&33ZKHQWKH*:FRQILJXUDWLRQVYDULHG




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0HWKRGRORJ\
2.1. The physical model in simulation 
$V0DQ]DQDUHVSRZHUSODQWLVWKHRQO\ODUJHVFDOHG6&33LQWKHZRUOGWKHVLPXODWHGVRODUFKLPQH\
ZDVEDVHGRQLWVGLPHQVLRQVLHPLQFKLPQH\KHLJKWDQGPLQFROOHFWRUGLDPHWHU%DVHGRQWKH
RULJLQDOF\OLQGULFDOFKLPQH\ZLWKDUDGLXVLQPWKHGLYHUJHQWFKLPQH\ZDVDFTXLUHGE\MXVWLQFUHDVLQJ
WKHH[LWUDGLXVWRP
7KHJHRPHWU\RI WKH*:VDUHDV IROORZV  IRU LQYHVWLJDWLQJ WKH LPSDFWRI*:KHLJKW WKHKHLJKW
YDULHGIURPPWRPLQDQLQWHUYDORIPZLWKDIL[HGUDGLXVLQPDQGIRUVWXG\LQJWKHLPSDFW
RIUDGLXV WKHUDGLXV LQFUHDVHGIURPPWRPLQDQLQWHUYDORIPZKLOH WKHKHLJKW UHPDLQHGDW
P)RULGHQWLI\LQJGLIIHUHQWFRQILJXUDWLRQVHDFKFRQILJXUDWLRQZDVODEHOHGE\*:+[5\µ*:¶VWDQGV
IRUµ*XLGH:DOO¶µ+[¶VWDQGVIRUWKHZDOOKHLJKWLQµ[¶PHWHUVDQGµ5\¶VWDQGVIRUWKHZDOOIRRWUDGLXVLQ
µ\¶PHWHUV


)LJ&RQILJXUDWLRQVRIWKHJXLGHZDOOZLWKDIL[HGUDGLXVLQPOHIWKDOISODQHFRQILJXUDWLRQVZLWKDIL[HGKHLJKWLQP
ULJKWKDOISODQH,QVHWGLDJUDPDWWKHOHIWWRSLVWKHFRQILJXUDWLRQZLWKRXW*:
2.2. Numerical model and other settings in simulation 
%DVHGRQLWVGLPHQVLRQVWKHIORZLQD6&33VKRXOGEHIXOO\WXUEXOHQW>@7KXVWKHHTXDWLRQVRIWKH
FRQVHUYDWLRQRIPRPHQWXPHQHUJ\DQGPDVVZHUHDGMXVWHGLQWR5$16IRUPDQGFRXSOHGZLWKVWDQGDUG
NİPRGHODVVKRZQEHORZ
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:HFDQREWDLQ WKHPD[LPXPH[WUDFWDEOHSRZHURXWSXWRI WKHV\VWHPE\PDNLQJxHTXDO WR>@
7KHFRHIILFLHQWRI WXUELQHȘtZDVVHW WRLQ WKLVVWXG\7KHGULYLQJIRUFHRI WKHZKROHV\VWHP¨p
ZDV DSSUR[LPDWLYHO\ HTXDO WR WKH DEVROXWH YDOXH RI WKH DUHDZHLJKWHG DYHUDJHG JDXJH SUHVVXUH DW WKH
FKLPQH\HQWUDQFHDFTXLUHGIURPWKHQXPHULFDORXWFRPHV
7DEOH'HWDLOVRIERXQGDU\FRQGLWLRQV
6XUIDFH 9DOXH
&ROOHFWRUURRI Text .hs :P.İext 
6RLOERWWRP T .
6RLOODWHUDOVLGHV $GLDEDWLF
&KLPQH\VKHOO $GLDEDWLFIUHHVOLS
*:VXUIDFH $GLDEDWLFIUHHVOLS
*URXQG Q :PThickness P
&ROOHFWRULQOHW Text .pgauge 3D
&KLPQH\H[LW Text .pgauge 3D
2.3. Validity 
&DVH*:+5ZDVXVHG WRHYDOXDWH WKHYDOLGLW\RIRXUQXPHULFDOPRGHODV LWVGLPHQVLRQZDV
IDLUO\FORVH WR WKHVFHQDULRRI WKH6&33 LQ0DQ]DQDUHV7KHVLPXODWHGYHORFLW\ZDVPVZKLFK LV
KLJKHUWKDQWKHPHDVXUHPHQWaPVPDLQO\GXHWRWKHRYHUHVWLPDWLRQRIWKHDLUWHPSHUDWXUHULVH
¨7.96.&RQVLGHULQJWKHXQFHUWDLQWLHV LQVRLOSURSHUWLHVDQGWKHDGLDEDWLFDVVXPSWLRQDW
WKHVROLGERXQGDULHVWKHDFFXUDF\RIRXUPRGHOZDVDFFHSWDEOHIRUWKHVXEVHTXHQWVWXG\
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5HVXOWVDQGGLVFXVVLRQ
3.1. Effect of GW height 
)LJDQG LQGLFDWHG WKHHIIHFWRI*:KHLJKWVRQGLIIHUHQWSDUDPHWHUVLHPDVVIORZUDWHGULYLQJ
IRUFH YHORFLW\ WHPSHUDWXUH DQG SRZHU RXWSXW 7KH DLU WHPSHUDWXUH DW WKH FKLPQH\ HQWUDQFH VHFWLRQ
VKRZHGOLWWOHFKDQJHVZKHQWKHZDOOKHLJKWLQFUHDVHGIURPPWRP7KHVOLJKWGLIIHUHQFHZDVPHDQWWR
LQGXFHFRQVLVWHQF\LQWKHEXR\DQWIORZEXWWKHGULYLQJIRUFHLHWKHDEVROXWHYDOXHRIWKHJDXJHSUHVVXUH
DW FKLPQH\ HQWUDQFH VHFWLRQ DQG WKH YHORFLW\ DW WKH FKLPQH\ HQWUDQFH VHFWLRQKDG DQ HYLGHQW LQFUHDVH
ZLWKLQFUHDVLQJWKH*:KHLJKW)RULQVWDQFHWKH*:VZLWKKHLJKWODUJHUWKDQPHQODUJHGWKHGULYLQJ
IRUFHE\3DQDPHO\KLJKHUWKDQWKHFDVHRI*:+LQWKHF\OLQGULFDOFKLPQH\JURXS
,QWKHGLYHUJHQWFKLPQH\JURXS*:+DQG+VOLJKWO\GLPLQLVKHGWKHGULYLQJIRUFHZKLOHWKHIRUFH
LQFUHDVHGE\DQGZLWKWKHPPDQGPKLJKZDOOVUHVSHFWLYHO\0RUHRYHUD
GRZQVLGH LQ WKH PDVV IORZ UDWH IROORZLQJ WKH LQFUHDVLQJ KHLJKWV ZDV LGHQWLILHG LQ )LJ  DQG )LJ 
+RZHYHUWKHF\OLQGULFDOFKLPQH\KDGOHVVGHFOLQHLQWKHPDVVIORZUDWHZKLOHWKHGURSUHDFKHG
NJVLHOHVVWKDQWKH]HUR*:FRQILJXUDWLRQLQWKHGLYHUJHQWFKLPQH\V\VWHP

)LJ9DULDWLRQVLQWKHSRWHQWLDORIWKHF\OLQGULFDOFKLPQH\V\VWHPDORQJZLWK*:KHLJKWV1RUPDOL]HGE\*:+FDVH

)LJ9DULDWLRQVLQWKHSRWHQWLDORIWKHGLYHUJHQWFKLPQH\V\VWHPDORQJZLWK*:KHLJKWV1RUPDOL]HGE\*:+FDVH
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7KHPD[LPXPH[WUDFWDEOHSRZHURXWSXWLVWKHSURGXFWRIWKHGULYLQJIRUFHDQGWKHPDVVIORZUDWHDV
VKRZQ LQ (TQ $V WKHPDVV IORZ UDWH YDULHG OLWWOH LQ WKH F\OLQGULFDO JURXS WKH SRZHU RXWSXWZDV
PDLQO\LPSURYHGE\WKHHQODUJHGGULYLQJIRUFH*:++DQG+LPSURYHGWKHSRZHURXWSXWE\
N:  N:  DQG N:  UHVSHFWLYHO\ $V WR WKH GLYHUJHQW JURXS WKH SRZHU
RXWSXWRI*:+DQG+ZDVHYHQORZHUWKDQWKH*:+FDVHGXHWRWKHGHFOLQHLQERWKWKHPDVVIORZ
UDWH DQG WKH GULYLQJ IRUFH (YHQ WKH GULYLQJ IRUFH ZDV VLJQLILFDQWO\ HQODUJHG XQGHU *: + WR +
FRQILJXUDWLRQVWKHORZHUPDVVIORZUDWHUHVWULFWHGWKHLPSURYHPHQWLQWKHSRZHURXWSXW&RQVHTXHQWO\
WKHSHDNSRZHURXWSXW DFTXLUHG LQ WKHGLYHUJHQWFKLPQH\JURXSZDVRQO\KLJKHU WKDQ WKDW LQ WKH
*:+FDVH
3.2. Effect of GW radius 
)LJVDQG LQGLFDWHG WKHHIIHFWRIYDU\LQJ UDGLXVRQGLIIHUHQWSDUDPHWHUV7KH OLQHV LQ WKH ILJXUHV
ZHUHDOPRVWKRUL]RQWDO LQGLFDWLQJVOLJKWYDULDWLRQV LQDOORI WKHSDUDPHWHUVZKHQ WKHUDGLXVYDULHGIURP
P WRP7KHGLIIHUHQFHEHWZHHQ WKHFDVHVZLWKDQGZLWKRXW WKH*:V WKH OLQHVZHUHREYLRXVO\
DERYHVKRXOGQRWEHFDXVHGE\WKHUDGLXVEXWE\WKHKHLJKWRI*:V,QRWKHUZRUGVWKHLPSDFWIURP
*:VUDGLXVRQWKHV\VWHPSHUIRUPDQFHZDVPXFKZHDNHUWKDQWKHKHLJKW

)LJ9DULDWLRQVLQWKHSRWHQWLDORIWKHF\OLQGULFDOFKLPQH\V\VWHPDORQJZLWK*:UDGLXV1RUPDOL]HGE\*:+FDVH

)LJ9DULDWLRQVLQWKHSRWHQWLDORIWKHGLYHUJHQWFKLPQH\V\VWHPDORQJZLWK*:UDGLXV1RUPDOL]HGE\*:+FDVH
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,QDGGLWLRQWRWKDWWKHWHQGHQF\LQWKHGLYHUJHQWFKLPQH\V\VWHPGLIIHUHGIURPWKDWLQWKHF\OLQGULFDO
FKLPQH\V\VWHP ,QVWHDGRI WKHFRQWLQXDOO\EXW VOLJKWO\ LQFUHDVLQJ WHQGHQF\ LQ WKHF\OLQGULFDOFKLPQH\
WKHGULYLQJ IRUFHDQG WKHSRZHURXWSXW LQ WKHGLYHUJHQWFKLPQH\V\VWHPLQFUHDVHGDW WKHEHJLQQLQJEXW
VWDUWHGWRGURSZKHQWKHUDGLXVH[FHHGHGP
&RQFOXVLRQ
,Q WKLV VWXG\ZHKDYH H[DPLQHG WKH HIIHFW RI JHRPHWU\ RI*:VRQ WKH SHUIRUPDQFHRI D6&33E\
QXPHULFDOVLPXODWLRQV
$UHGXFWLRQLQPDVVIORZUDWHZDVIRXQGLQWKHQXPHULFDORXWFRPHVDIWHUDGGLQJ*:VLQWRWKHV\VWHP
ZKLFK DSSUR[LPDWHO\ KDG D OLQHDU UHODWLRQVKLSZLWK WKH*:KHLJKW EXWZDV DOPRVW LQGHSHQGHQW RI WKH
PRGLILFDWLRQ LQ WKH UDGLXV 2Q WKH RWKHU KDQG WKH GULYLQJ IRUFH DQG WKH YHORFLW\ ZHUH VLJQLILFDQWO\
LPSURYHG E\ WKH *:V LQ ERWK WKH F\OLQGULFDOFKLPQH\ DQG GLYHUJHQWFKLPQH\ V\VWHP DQG PDLQO\
DIIHFWHGE\WKH*:KHLJKWVDVZHOO$VWKHSRWHQWLDOSRZHURXWSXWLVPDLQO\JRYHUQHGE\WKHGULYLQJIRUFH
WKHLPSURYHPHQWLQWKHSRZHURXWSXWZDVIDLUO\VLPLODUWRWKHWHQGHQF\LQWKHGULYLQJIRUFHHQKDQFHPHQW
)XUWKHUPRUH DV H[SHFWHG WKHGLYHUJHQWFKLPQH\ V\VWHPVKRZHGGLIIHUHQW UHDFWLRQV WR WKHJHRPHWU\RI
*:VFRPSDUHG WR WKHF\OLQGULFDOFKLPQH\V\VWHP)ROORZLQJ WKHVH UHVXOWV WKH*:KHLJKW VKRXOGEHD
SULPDU\FULWHULRQLQDSUDFWLFDOSODQWGHVLJQRI*:V
$FNQRZOHGJHPHQWV
7KLVSURMHFWLVIXQGHGE\WKH&5&*JUDQWRIWKH8QLYHUVLW\RI+RQJ.RQJ
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%LRJUDSK\
3URI 'HQQLV <& /HXQJ UHFHLYHG KLV 3K' LQ  IURP WKH 'HSDUWPHQW RI
0HFKDQLFDO (QJLQHHULQJ DW WKH 8QLYHUVLW\ RI +RQJ .RQJ +H MRLQHG WKH VDPH
GHSDUWPHQW LQ  DQG LV QRZ D IXOO SURIHVVRU RI WKH GHSDUWPHQW VSHFLDOL]LQJ LQ
UHQHZDEOHHQHUJ\DQGHQHUJ\FRQVHUYDWLRQ+HKDVSXEOLVKHGPRUHWKDQDUWLFOHV
LQFOXGLQJSHHUUHYLHZHG6&,MRXUQDOSDSHUV3URI/HXQJLVRQHRI WKH WRS
KLJKO\FLWHGVFKRODUVLQHQHUJ\ILHOGIURPWR
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